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Objectives, developmentsObjectives, developments

The The objectivesobjectives of theof the project:project:

To evaluate the To evaluate the absolute accuracyabsolute accuracy of bioof bio-- geophysical products (geophysical products (LAI,  LAI,  
ffAPARAPAR, , ffCoverCover) derived with a range of algorithms) derived with a range of algorithms from from large large 
IFOV sensorsIFOV sensors (e.g. AVHRR, POLDER, VEGETATION, SEAWIFS, (e.g. AVHRR, POLDER, VEGETATION, SEAWIFS, 
MSG, MERIS, AATSR, MODIS, MISR,MSG, MERIS, AATSR, MODIS, MISR,……).).
To To interinter--compare productscompare products derived with different sensors and derived with different sensors and 
algorithms.algorithms.

For this purpose, the For this purpose, the project project developsdevelops::

A A network of sitesnetwork of sites distributed globally.distributed globally.
A A standard methodologystandard methodology designed to directly measure the biodesigned to directly measure the bio--
geophysical variables of interest at the proper geophysical variables of interest at the proper spatial and temporal spatial and temporal 
scalesscales.
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UpUp--scaling strategyscaling strategy

(Base site)(Base site)

(ESU)(ESU)
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The              The              ShandanShandan site (Gansu province, CH)site (Gansu province, CH)
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The              The              ShandanShandan site site 
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spatial sampling strategy in a homogeneous landscapespatial sampling strategy in a homogeneous landscape
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Each 3 kmEach 3 km²² base sitebase site contains a number of contains a number of randomly positioned and randomly positioned and 
rotatedrotated 20 m20 m²² ESUESU’’ss..
The The angle of ESU line FB with the true Northangle of ESU line FB with the true North is chosen randomly.is chosen randomly.
Each Each 1 km1 km²² pixelpixel in the base site has 4 in the base site has 4 ESUESU’’ss. The . The central pixelcentral pixel has 5 has 5 
ESUESU’’ss..
In each In each 20 m20 m²² ESU, discrete bioESU, discrete bio-- geophysical variables geophysical variables 
measurementsmeasurements take place at nine points (A, B, C, D, E, F, G, H, O).take place at nine points (A, B, C, D, E, F, G, H, O).
In each 20 mIn each 20 m²² ESU ESU continuous biophysical variables measurementscontinuous biophysical variables measurements
take place along eight lines (AC, CE, EG, GA, AE, CG, BF, HD), otake place along eight lines (AC, CE, EG, GA, AE, CG, BF, HD), or r 
according to the sunaccording to the sun’’s position.s position.
The The ESU centre pointESU centre point (O) is determined with a Trimble Geo(O) is determined with a Trimble Geo--
explorer 2 GPS. All other ESU measuring points coexplorer 2 GPS. All other ESU measuring points co--ordinates are ordinates are 
thereby determined.thereby determined.
OnlyOnly one single transfer functionone single transfer function for the whole base site is required.for the whole base site is required.

spatial sampling strategy in a homogeneous landscapespatial sampling strategy in a homogeneous landscape
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3 km3 km

3 km3 km
The             The             GilchingGilching site (Bavaria, D)site (Bavaria, D)
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Each 3 kmEach 3 km²² base sitebase site contains a number of 20 mcontains a number of 20 m²² ESUESU’’ss positioned positioned 
according to according to landcoverlandcover typetype..
The The angle of ESU line FB with the true Northangle of ESU line FB with the true North is chosen randomly.is chosen randomly.
Each Each 1 km1 km²² pixelpixel in the base site has a number of in the base site has a number of ESUESU’’ss according to according to 
the number of different the number of different landcoverlandcover type patches.type patches.
In each In each 20 m20 m²² ESU, discrete biophysical variables measurementsESU, discrete biophysical variables measurements
take place at nine points (A, B, C, D, E, F, G, H, O).take place at nine points (A, B, C, D, E, F, G, H, O).
In each 20 mIn each 20 m²² ESU ESU continuous biophysical variables measurementscontinuous biophysical variables measurements
take place along eight lines (AC, CE, EG, GA, AE, CG, BF, HD), otake place along eight lines (AC, CE, EG, GA, AE, CG, BF, HD), or r 
according to the sunaccording to the sun’’s position.s position.
The The ESU centre pointESU centre point (O) is determined with a Trimble Geo(O) is determined with a Trimble Geo--
explorer 2 GPS. All other ESU measuring points coexplorer 2 GPS. All other ESU measuring points co--ordinates are ordinates are 
thereby determined.thereby determined.
As many transfer functions as land cover typesAs many transfer functions as land cover types for the base site.for the base site.

spatial sampling strategy in a heterogeneous landscapespatial sampling strategy in a heterogeneous landscape
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Indirect methodsIndirect methods

Tracing radiation and Architecture of Canopies (TRAC Tracing radiation and Architecture of Canopies (TRAC –– CCRS)CCRS)

Gap size distribution, Gap size distribution, ffAPARAPAR, clumping index, effective LAI, clumping index, effective LAI
Continuous measurementContinuous measurement in 20 m block (steady pace walks).in 20 m block (steady pace walks).
Dedicated software package from CCRS.Dedicated software package from CCRS.
Time logging (Sun zenith angle)Time logging (Sun zenith angle)
Cloud free conditions needed.Cloud free conditions needed.

Hemispherical photography (HDP) (Nikon Hemispherical photography (HDP) (Nikon CoolpixCoolpix 5000 and fish5000 and fish--eye)eye)

Effective and Effective and ‘‘true LAItrue LAI’’, , fAPARfAPAR, , fCoverfCover, clump size index, canopy architecture, clump size index, canopy architecture
Software: INRA Avignon software package Software: INRA Avignon software package CANEYECANEYE
Discrete Discrete measurementsmeasurements onon 20 m ESU 20 m ESU pointspoints A,B,C,D,E,F,G,H,OA,B,C,D,E,F,G,H,O
Time logging (Sun zenith angle)Time logging (Sun zenith angle)
Cloud free conditions neededCloud free conditions needed

LicorLicor LAILAI--20002000

Measurement of Measurement of effective LAIeffective LAI
Discrete Discrete measurementsmeasurements onon 20 m 20 m blockblock pointspoints A,B,C,D,E,F,G,H,OA,B,C,D,E,F,G,H,O
Time logging (Sun zenith angle)Time logging (Sun zenith angle)
Interesting comparisons possible with HDP and TRAC (I. Interesting comparisons possible with HDP and TRAC (I. JonckheereJonckheere, FEM, 2006) , FEM, 2006) 

indirect methods (for LAI)indirect methods (for LAI)
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indirect method (TRAC)indirect method (TRAC)

BeechBeech
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Indirect methodsIndirect methods

Tracing radiation and Architecture of Canopies (TRAC Tracing radiation and Architecture of Canopies (TRAC –– CCRS)CCRS)

Gap size distribution, Gap size distribution, ffAPARAPAR, clumping index, effective LAI, clumping index, effective LAI
Continuous measurementContinuous measurement in 20 m block (steady pace walks).in 20 m block (steady pace walks).
Dedicated software package from CCRS.Dedicated software package from CCRS.
Time logging (Sun zenith angle)Time logging (Sun zenith angle)
Cloud free conditions needed.Cloud free conditions needed.

Hemispherical photography (HDP) (Nikon Hemispherical photography (HDP) (Nikon CoolpixCoolpix 5000 and fish5000 and fish--eye)eye)

Effective and Effective and ‘‘true LAItrue LAI’’, , fAPARfAPAR, , fCoverfCover, clump size index, canopy architecture, clump size index, canopy architecture
Software: INRA Avignon software package Software: INRA Avignon software package CANEYECANEYE
Discrete Discrete measurementsmeasurements onon 20 m ESU 20 m ESU pointspoints A,B,C,D,E,F,G,H,OA,B,C,D,E,F,G,H,O
Time logging (Sun zenith angle)Time logging (Sun zenith angle)
Cloud free conditions neededCloud free conditions needed

LicorLicor LAILAI--20002000

Measurement of Measurement of effective LAIeffective LAI
Discrete Discrete measurementsmeasurements onon 20 m 20 m blockblock pointspoints A,B,C,D,E,F,G,H,OA,B,C,D,E,F,G,H,O
Time logging (Sun zenith angle)Time logging (Sun zenith angle)
Interesting comparisons possible with HDP and TRAC (I. Interesting comparisons possible with HDP and TRAC (I. JonckheereJonckheere, FEM, 2006) , FEM, 2006) 

indirect methods (for LAI)indirect methods (for LAI)
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BeechBeech

indirect method (HDP)indirect method (HDP)
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Indirect methodsIndirect methods

Tracing radiation and Architecture of Canopies (TRAC Tracing radiation and Architecture of Canopies (TRAC –– CCRS)CCRS)

Gap size distribution, Gap size distribution, ffAPARAPAR, clumping index, effective LAI, clumping index, effective LAI
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Dedicated software package from CCRS.Dedicated software package from CCRS.
Time logging (Sun zenith angle)Time logging (Sun zenith angle)
Cloud free conditions needed.Cloud free conditions needed.

Hemispherical photography (HDP) (Nikon Hemispherical photography (HDP) (Nikon CoolpixCoolpix 5000 and fish5000 and fish--eye)eye)

Effective and Effective and ‘‘true LAItrue LAI’’, , fAPARfAPAR, , fCoverfCover, clump size index, canopy architecture, clump size index, canopy architecture
Software: INRA Avignon software package Software: INRA Avignon software package CANEYECANEYE
Discrete Discrete measurementsmeasurements onon 20 m ESU 20 m ESU pointspoints A,B,C,D,E,F,G,H,OA,B,C,D,E,F,G,H,O
Time logging (Sun zenith angle)Time logging (Sun zenith angle)
Cloud free conditions neededCloud free conditions needed

LicorLicor LAILAI--20002000

Measurement of Measurement of effective LAIeffective LAI
Discrete Discrete measurementsmeasurements onon 20 m 20 m blockblock pointspoints A,B,C,D,E,F,G,H,OA,B,C,D,E,F,G,H,O
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indirect methods (for LAI)indirect methods (for LAI)
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indirect method (LAIindirect method (LAI--2000)2000)
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indirect method (LAIindirect method (LAI--2000)2000)
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Direct methodDirect method
Field harvesting (FH)Field harvesting (FH)

Direct measurement of Direct measurement of ‘‘truetrue’’ and effective LAIand effective LAI
A square mA square m²² in the centre of an ESUin the centre of an ESU
Depends on harvesting permissionsDepends on harvesting permissions
Comparison of reference Comparison of reference ‘‘truetrue’’ and effective LAI with indirect methodsand effective LAI with indirect methods

direct method (for LAI)direct method (for LAI)
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direct method (for LAI)direct method (for LAI)
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The                   sampling strategy can be applied for heterThe                   sampling strategy can be applied for heterogeneous patchy ogeneous patchy 

landscapes (landscapes (GilchingGilching case).  case).  

The complete                  procedure has been applied at the The complete                  procedure has been applied at the ShandanShandan and and 

GilchingGilching sites. Though both sites are very different at the landscape lesites. Though both sites are very different at the landscape level, vel, 

upup--scaling to 1 kmscaling to 1 km²² pixels in both cases leads to pixels in both cases leads to acceptable LAI validation acceptable LAI validation 

fieldsfields..

Nevertheless, Nevertheless, not all landscapes are suitablenot all landscapes are suitable for the validation of biofor the validation of bio--

geophysical vegetation variables. geophysical vegetation variables. 

The base site should be as flat as possible. Hence The base site should be as flat as possible. Hence (very) hilly terrain is (very) hilly terrain is 

excludedexcluded..

Water bodiesWater bodies are unwanted in the base site.are unwanted in the base site.

ConclusionsConclusions
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Thanks for your attentionThanks for your attention

Yellow  riverYellow  river

ESU = ESU = ff(Panorama(Panorama))
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